Abstract. Are the standard laws of Physics really fundamental principles? Does the physical vacuum have a more primordial internal structure? Are quarks, leptons, gauge bosons... ultimate elementary objects? These three basic questions are actually closely related. If the deep vacuum structure and dynamics turn out to be less trivial than usually depicted, the conventional "elementary" particles will most likely be excitations of such a vacuum dynamics that remains by now unknown. We then expect relativity and quantum mechanics to be low-energy limits of a more fundamental dynamical pattern that generates them at a deeper level. It may even happen that vacuum drives the expansion of the Universe from its own inner dynamics. Inside such a vacuum structure, the speed of light would not be the critical speed for vacuum constituents and propagating signals. The natural scenario would be the superbradyon (superluminal preon) pattern we postulated in 1995, with a new critical speed c s much larger than the speed of light c just as c is much larger than the speed of sound. Superbradyons are assumed to be the bradyons of a super-relativity associated to c s (a Lorentz invariance with c s as the critical speed). Similarly, the standard relativistic space-time with four real coordinates would not necessarily hold beyond low-energy and comparatively local distance scales. Instead, the spinorial space-time (SST) with two complex coordinates we introduced in 1996-97 may be the suitable one to describe the internal structure of vacuum and standard "elementary" particles and, simultaneously, Cosmology at very large distance scales. If the constituents of the preonic vacuum are superluminal, quantum entanglement appears as a natural property provided c s c . The value of c s can even be possibly found experimentally by studying entanglement at large distances. It is not excluded that preonic constituents of vacuum can exist in our Universe as free particles ("free" superbradyons), in which case we expect them to be weakly coupled to standard matter. If a preonic vacuum is actually leading the basic dynamics of Particle Physics and Cosmology, and standard particles are vacuum excitations, the Gödel-Cohen incompleteness will apply to vacuum dynamics whereas the conventional laws of physics will actually be approximate and have error bars. We discuss here the possible role of the superbradyonic vacuum and of the SST in generating Quantum Mechanics, as well as the implications of such a dynamical origin of the conventional laws of Physics and possible evidences in experiments and observations. Black holes, gravitational waves, possible "free" superbradyons or preonic waves, unconventional vacuum radiation... are considered from this point of view paying particular attention to LIGO, VIRGO and CERN experiments. This lecture is dedicated to the memory of John Bell a
Introduction
Is Quantum Mechanics an ultimate principle of Physics, or an approximate property of standard particles generated at a more fundamental level by a deeper dynamics?
Quantum Mechanics (QM) is usually assumed to be a basic principle of standard physics, and plays a central role in the description of conventional "elementary" particles. In particular, Quantum Field Theory (QFT) successfully describes many aspects of particle physics, and has generated the "standard model" of electro-weak interactions as well as Quantum Chromodynamics (QCD). No deviation from Quantum Mechanics has by now been demonstrated experimentally.
In spite of such evidences, the question of the foundations of Quantum Mechanics is far from being just an academic one. It has a direct interest for practical applications in electronics, computers and other industrial fields as well as in various domains of fundamental research.
The uncertainties about entanglement
Quantum entanglement plays a crucial role in the theory of quantum information, including quantum teleportation that is claimed to be successful up to distances of 100 Km [1] and quantum key distribution (QKD) where a system able to operate over 307 Km of optical fibre has been described [2] . More recently, the results of measurement device independent QKD (MDIQKD) over 404 km of ultralow-loss optical fibre and 311 km of standard optical fibre have been reported [3] .
Simultaneously, quantum telescopes [4, 5] and other uses of entanglement are being seriously considered. A satellite devoted to test the transfer of quantum information between space and Earth has also been launched [6, 7] .
In all cases, it is hoped that Quantum Mechanics remains valid at the relevant distance scales. On this fundamental question, further work is required.
Understanding the deep origin of Quantum Mechanics can help to better determine its validity and possible modifications, and to develop all the above mentioned fields.
Standard quantum mechanics has often been considered as counter-intuitive, in spite of experimental evidence [8] . Entanglement appears as a mysterious phenomenon from the point of view of relativity, as no signal is expected to travel faster than light.
Direct experimental tests of quantum entanglement, involving a small time interval comptatible with space-like separation between two distant local events, have been performed up to distances of 1.3 Km, confirming the validity of QM theory at this scale. [9, 10] . This is the largest distance scale at which entanglement has been direcly checked in this way until now.
On alternatives to standard theories
Although there is no practical incompatibility between relativity and Quantum Mechanics for the description of standard matter and QFT is a successful approach, the combination of both theories has nontrivial implications such as excluding most local hidden variable approaches to QM [9, 10] .
A major challenge for QFT is the elaboration of a quantum theory of gravity [11, 12] . In the standard approach, quantum gravity is usually expected to provide an ultimate theory for both particle physics and Big Bang cosmology. Such a point of view can, however, be questioned as new physics ICNFP 2016 (preons...) may manifest itself at very high energy and very small time and distance scales [13, 14] . Quantum Mechanics and relativity are then in most cases expected to be of composite origin [15, 16] .
As emphasized in [14, 15] , and already considered in [17, 18] , the most relevant preonic pattern to generate possible violations of standard relativity and Quantum Mechanics would be a nontrivial internal structure of the physical vacuum. Contrary to the original preon model [20] where preons were assumed to be direct constituents of the standard particles, the basic preon model dealt with in [17, 18] and in [14, 15] assumes vacuum to be made of preonic constituents and standard particles to be excitations of such a vacuum (see also [19] ). Conventional relativity and Quantum Mechanics become then low-energy limits of a more sophisticated and fundamental dynamics.
The existence of a pre-Big Bang era would also be a natural consequence of this, yet unexplored, preonic vacuum structure [21, 22] . In such a scenario, the standard Big Bang must be replaced by a new cosmology at the early stages and cosmic inflation is no longer necessary [13, 23 ].
The possible role of space-time structure
The structure of space-time is also a crucial issue to understand the possible origin of Quantum Mechanics [14, 15] . In particular, nothing is known about the properties of space-time inside the physical vacuum. Just as the speed of sound is much smaller than the critical speed of the particles forming a solid, it seems natural to assume [17, 18] that the critical speed c s of the preonic constituents of vacuum is much larger than that the speed of light c. Then, the propagation of superluminal signals in vacuum would provide a natural explanation for the observed quantum entanglement [14, 15] and, simultaneously, a possible large distance limit for the validity of Quantum Mechanics.
Furthermore, the space-time structure at this deeper level can also go beyond the standard real space-time coordinates and their conventional extensions. In [24, 25] , we introduced a spinorial spacetime (SST) where two complex coordinates replace the four real ones with the symmetry group SU(2) instead of the usual SO(3) for space rotations. Spin-1/2 particles become then actual representations of the space symmetry group, and it is tempting to consider a possible relation between the SU(2) complex space-time coordinates and the complex wave functions of Quantum Mechanics [14, 15] .
The SST cosmic geometry locally predicts the existence of a privileged space direction (PSD) for each comoving observer as already noticed in [24, 25] and further discussed in [26, 27] as well as in more recent work [13, 23] . It must be emphasized, however, that this property does not by itself imply any anisotropy in the global expansion of the Universe. The existence of the PSD may have been confirmed by Planck data [28, 29] . But such a PSD is strictly a local phenomenon and the SST defines a globally uniform and isotropic cosmic geometry. Thus, a cosmic space-time geometry based on the SST appears to be consistent with Planck results and simultaneously with recent work confirming the isotropy of the expansion of the Universe [30] .
A new approach to Quantum Mechanics
As discussed in [14, 15] , [13, 23] and in previous papers, the SST geometry and a preonic vacuum structure can be reliably combined to build an alternative approach to Quantum Mechanics. And, subsequently, to the Big Bang cosmology based on conventional QM and relativity at scales where the validity of these principles has not really been tested .
In this lecture, we present un updated detailed discussion of such a pattern, including possible experimental and cosmological tests as well as the implications of Gödel-Cohen incompleteness [31] .
EPJ Web of Conferences

Bell's theorems and experimental tests
What would be the implications of strict standard relativistic causality for the theoretical and phenomenological content, origin and implications of Quantum Mechanics?
The original theorems (1964, 1975) by John Stuart Bell [32, 33] have plaid a crucial role in the understanding of the grounds of QM and in the conception of possible experimental tests of its basic propeties. They still lead nowadays to interesting conceptual controversies [34, 35] .
John Bell actually taught us what is, and what is not, Quantum Mechanics and how one can test the validity of standard QM. Bell's work and life are remembered in [36, 37] .
Bell's work and its relevance
How to conceive experiments allowing to confirm the validity of standard quantum mechanics and to exclude interpretations based on local hidden variables? Bell's inequalities have clearly answered the theoretical side of this question and opened the way to successful experimental tests.
The first paper by John Bell (1964) , On The Einstein Podolsky Rosen Paradox, refers to the 1935 article by Albert Einstein, Boris Podolsky and Nathan Rosen (EPR) Can Quantum-Mechanical Description of Physical Reality Be Considered Complete? [38] . The end of the EPR abstract explicitly states on the properties of quantum wave functions:
"One is thus led to conclude that the description of reality as given by a wave function is not complete".
In [32] , Bell subsequently cites this point of wiew by Albert Einstein [39] : "But on one supposition we should, in my opinion, hold fast: the real factual situation of the system S 2 is independent of what is done with the system S 1 , which is spatially separated from the former".
To refute the arguments of [38, 39] Bell wrote in particular in 1964: "In a theory in which parameters are added to quantum mechanics to determine the results of individual measurements, without changing the statistical predictions, there must be a mechanism whereby the setting of one measuring device can influence the reading of another instrument, however remote. Moreover, the signal involved must propagate instantaneously, so that such a theory could not be Lorentz invariant".
Later, in his book Speakable and Unspeakable in Quantum Mechanics [40] , commenting on a hidden variable approach to Quantum Mechanics considered by Georges Lochak [41] , John Bell wrote explicitly:
"... if his extension is local it will not agree with quantum mechanics, and if it agrees with quantum mechanics it will not be local".
This was the main result of John Bell's work that recent loophole-free experiments appear to have clearly confirmed more than 50 years after his first pioneering article. To reach such an experimental accomplishment, a remarkable long-term effort has been necessary.
Bell's inequalities
In what follows, to discuss the basic content of Bell's inequalities and the associated experiments, we refer to the CHSH formulation [42] . The CHSH approach to Bell's theorems is used in [9, 44] and also in [45] and in previous tests of Bell's inequalities. We also assume that the recent experiments presented as "loophole-free" have really this property. ICNFP 2016 In the CHSH formulation of Bell's result, the test of the possible existence of local hidden variables with standard relativity uses two boxes, A and B, able to receive a binary input (0 or 1) and produce a binary output (+1 or -1). We are interested in the expectation value < x.y > (a,b) where x.y stands for the product of the output values (x for box A, y for box B) given the random inputs a for box A and b for box B. Then, the "local realism" discussed by John Bell leads to:
The value S = 0 is obtained if x and y take random values. If x and y are both systematically equal to 1 (or to -1), one gets S = 2 . Values of S larger than 2 are obtained introducing correlations between x and y contrary to the locality assumption. Measuring experimentally the value of S and of similar quantities emerging from Bell's work is therefore a very important task. Since the 1970s, experimentalists worked to test Bell inequalities [46] and the results confirmed their violation as expected from standard Quantum Mechanics. However, the existence of various possible loopholes was often claimed [47] . To face these criticisms, experiments explicitly presented as loophole-free have been performed in the recent years [43] .
Loophole-free experiments
In particular, the result of a loophole-free Bell test involving a comparatively large distance scale (1.3 Km) has recently been reported [9, 10] .
Using an experimental scheme with high-fidelity entanglement between distant electron spins, the measurements described in [9] get S = 2.42 ± 0.20 . The time window during which A and B are space-like separated and measurements can be performed is 4.27 µs . A second experiment with minor changes [10] has more recently yielded S = 2.35 ± 0.18 .
Simultaneously, loophole-free experiments using entangled photon pairs [44, 45] yield equally results against the hypothesis of local realism.
The results of [9, 10] and of [44, 45] appear to be clearly incompatible with most conventional local hidden variable interpretations of Quantum Mechanics based on standard relativity. However, the authors of [9] clearly emphasize that: i) their work "rules out large classes of local realist theories"; ii) "no Bell experiment can exclude the infinite number of local realist theories". To these comments, [10] adds a conclusion claiming that the second data run has "strengthened the rejection of a broad class of local realistic theories". A more recent test of Bell inequalities can be found in [48] .
As remarkably foreseen and explicitly developed by John Bell, the measurement of S and of related parameters has been shown to be a direct, efficient way to test standard QM and exclude most local hidden variable approaches provided loopholes can be ruled out.
Beyond Bell's theorems
What can be the future of Quantum Mechanics after the successful loophole-free tests of the expected violation of Bell's inequalities?
As underlined in [9, 10] , local hidden variables cannot be totally excluded by the recent and experimental tests of Bell's inequalities. Furthermore, Bell's theorems assumed special relativity to hold exactly and to be a universal law. There is obviously room for further studies, including possible new physics, without contradicting the successful use of the work of John Bell to check experimentally the specific properties of standard QM.
In particular, the confirmed violation of Bell's inequalities does not contradict the possibility that Quantum Mechanics be of composite origin, emerging from a more fundamental set of laws. Conventional QM is not incomplete as a physical law, but it can actually be an approximation holding with some limitations for standard particles at low energy [14, 15] .
Bell's inequalities were obtained assuming locality and standard relativity, without considering any possible internal structure of the physical vacuum. Going beyond such a scenario appears today as a natural option [13, 23] .
In particular, the time window of 4.27 µs during which A and B are space-like separated in [9] corresponds to the distance of 1.28 Km divided by the speed of light c. This allows to exclude a standard relativistic exchange between the two boxes. But if the physical vacuum is made of superluminal preons, as considered in [17, 18] and in subsequent papers, the propagation of superluminal signals in vacuum can generate a new kind of causal connection between A and B without contradicting the results of [9, 10] and of the other loophole-free experiments that have confirmed the violation of Bell's inequalities for conventional particles with standard relativity.
A natural question is then: why would the superluminal signal propagation inside the physical vacuum act on the internal structure and properties of standard particles in such a way that quantum entanglement can be generated? A logical answer is that in such an approach the conventional "elementary" particles are actually excitations of the physical vacuum. Then, in a sense, two entangled particles form a single vacuum excitation at the time scales of current experiments.
Quantization and complex wave functions
Interpreting standard particles as excitations of vacuum raises the basic questions of origin of quantization and of the generation of complex wave functions. Natural quantization and Fermi statistics for spinorial wave functions, leading subsequently to quantization and Bose statistics for composite bosons, was considered in [14, 15] and in [13, 23] . If standard particles are just solutions of the vacuum internal equations, Fermi statistics naturally emerges if such equations lead to spinorial wave functions as the solutions at the basic level, and if these solutions are unique around each point of space-time for each relevant set of quantum numbers. The standard exclusion principle would then just reflect the uniqueness of the solutions to vacuum equations.
As discussed in [14, 15] and in [13, 23] , complex wave functions and Fermi quantization can automatically emerge from the fundamental equations of a vacuum with a SST. Space-time coordinates would then be complex and spinorial wave functions would naturally correspond to the structure of the spinorial space-time. Fermi statistics would just reflect the existence of a single local solution to the basic dynamical equations for each kind of spinorial excitations, leading to the observed quantization. Bosons can be obtained as composite objects made of two fermions, or as new solutions to vacuum equations subject to similar constraints. A scalar complex wave function can be the product of two complex spinors from which the scalar object is made.
In such an approach, as in standard Quantum Mechanics, quantum uncertainty would be a natural consequence of the wave nature of the particles generated as vacuum excitations. Precision experiments [49] do not seem to confirm the "measurement-disturbance relationship" suggested by Werner Heisenberg [50] . In 1927, Heisenberg wrote in particular [51] :
"At the instant of time when the position is determined, that is, at the instant when the photon is scattered by the electron, the electron undergoes a discontinuous change in momentum. This change is the greater the smaller the wavelength of the light employed, i.e., the more exact the determination of the position".
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But reference [49] concludes, on the grounds of experimental results, that "although correct for uncertainties in states, the form of Heisenberg's precision limit is incorrect if naively applied to measurement".
More generally, in connection with the possible origin of wave functions, the existence of complex soliton solutions with real energy to complexified classical equations (Korteweg -de Vries, SineGordon...) must also be noticed [52] .
A possible origin of Quantum Mechanics
In [14, 15] , [53, 54] , [13, 55] and in other papers, we explicitly considered the possible generation of Quantum Mechanics from a preonic vacuum with a SST space-time geometry. In [14] , we illustrated this idea using cosmic spinorial coordinates (ξ , ξ 0 ) and writing a classical wave function for a spin-1/2 particle at rest around a space-time origin ξ 0 of the form:
together with:
where * stands for complex conjugate corresponding to opposite spin. The real function F is assumed to contain an appropriate cutoff in | ξ − ξ 0 | 2 . It was emphasized in [14] that the wave functions Ψ sp and Ψ * sp violate local standard causality, as they take nonzero values for present and future values of cosmic time around | ξ 0 | (see next Section). Space-like distances are thus replaced by direct spinorial distances on the SST. F tacitly defines a space-time distance scale λ S S T below which causality does no longer hold in the conventional sense used for the standard relativistic space-time.
As indicated before and suggested in previous papers, Quantum Mechanics and Fermi statistics can naturally be generated if Ψ sp and Ψ * sp provide indeed a unique solution to the internal equations of a preonic physical vacuum for the relevant set of quantum numbers.
The expression | ξ − ξ 0 | actually corresponds to a local time scale that will be associated by dynamics to a relevant space scale. In any case, as the upper bounds on the size of the electron are still far from the Planck length, the dynamical structure of expressions like (2) and (3) can manifest itself well before Planck scale introducing new physics for standard "elementary" particles. The study of ultra-high energy cosmic rays (UHECR) can thus play a crucial role to search for deformations and violations of standard relativity and quantum mechanics generated by a new dynamics [56, 57] . Experiments like AUGER [58] can yield important results in this respect [59, 60] .
SST and the propagation of extended objects
An additional mechanism can contribute to the inset of Quantum Mechanics, as discussed in [15, 53] , [54, 55] , and later in this lecture. For a given value of ξ 0 , the spinorial particle structure defined by equations like (2) and (3) is not only extended in space but also in time.
As a result, the time propagation of a spin-1/2 particle with an internal structure defined by (2) or (3) generates an overlap between wave functions corresponding to different values of ξ 0 and of the cosmic time | ξ 0 | . Thus, a continuously propagating particle is not, strictly speaking, a solution of the vacuum equations that generate the static solutions (2) and (3). Continuous propagation of such an extended object can be forbidden for this reason.
A natural solution to avoid this difficulty would be a discrete, and basically random, propagation of particles at very small time scales. The situation will then look close to that generating the Feynman path integral of standard quantum mechanics at larger scales. Thus, QM will emerge as an approximate large distance and low energy description of a more involved dynamics.
Particle wave functions and the physical vacuum
Clearly, the hypothesis that Ψ sp and Ψ * sp describe excitations of the inner vacuum dynamics is a natural one and can reasonably challenge the standard QFT approach where all the dynamics is carried by the "elementary" particles and the vacuum is basically empty except for the condensates of conventional particle fields related to spontaneous symmetry breaking and for the zero modes of boson fields.
Conventional QFT particles do not interact with any inner vacuum dynamics. But the established validity domain of such a quantum field theory is not larger than that covered by accelerator experiments. Thus, new physics involving a direct role of the physical vacuum may manifest itself at higher energy scales. The generation of Quantum Mechanics from vacuum dynamics would basically occur at very small distance scales, largely beyond the reach of LHC experiments even if some signatures at accelerators can be imagined as discussed in Section 10.
If fermions are generated through equations like (2) and (3) corresponding to unique solutions satisfying the requirements of vacuum internal dynamics (see also Subsection 3.1), and the harmonicoscillator nature of standard boson fields allows for alternative descriptions concerning the presence of bosonic zero modes in vacuum [26, 61] , possible solutions to the standard cosmological constant problem naturally emerge. Understanding the deep nature of vacuum as well as its actual relation with the dynamics of our Universe and of standard matter is then a crucial subject on which complementary material has been presented in [62] .
Superluminal signals, quantum dynamics and Cosmology
Quantum entanglement is not the only phenomenon of quantum physics where superluminal signals can be present. In [61, 63] and in [26] , we considered the possibility that the standard condensates and bosonic zero modes of QFT would actually not be permanently present in a superbradyonic vacuum. This can be possible if, as a conventional particle (vacuum excitation) gets close to the local region considered, the vacuum constituents react in order to temporarily generate the relevant bosonic components allowing the particle to propagate and interact.
In such a mechanism, a superluminal signal emitted by the approaching particle can play an important role reaching the vacuum structure in the relevant region and activating its dynamical reorganization in order to allow the particle to propagate and interact. This nonstandard dynamics would be difficult to observe in laboratory experiments because of the permanent presence of surrounding matter, but can play a crucial role at cosmic level.
In all cases, the generation of particles and Quantum Mechanics from the vacuum inner structure would open the way to new dynamical potentialities that are never considered in standard particle phyisics and QFT. If particles are actually vacuum excitations and Quantum Mechanics is generated by vacuum dynamics, a new cosmology should be built [13, 26] : instead of a Universe "made of particles", the relevant subject would be the expanding vacuum together with its excitations [64, 65] .
If Quantum Mechanics is not a fundamental principle of Physics but results from the dynamics of the physical vacuum, a pre-Big Bang phase of the history of the Universe is obviously required [13, 26] beyond the "primeval quanta" postulated in 1931 by Georges Lemaître as The Beginning of the World [66] . Since then, Physics has evolved and new concepts have been developed. 
The spinorial space-time
We briefly remind and update here part of the material presented in previous contributions to this conference (see also [53, 67] ). The SST appears as the natural space-time geometry to describe a physical world where fermions exist with spinorial wave functions that should be actual representations of the space symmetry group. The implications of the SST geometry for Particle Physics and Cosmology turn out to be surprisingly strong and deserve careful attention.
In particular, the cosmic SST automatically yields the H t = 1 relation (H = ratio between relative velocities and distances at cosmic level, t = age of the Universe) in a purely geometric way, without requiring any explicit presence of conventional matter and of the associated dynamics. This property can substantially change the formulation of cosmological laws
The spinorial space-time introduced in [24, 25] is a basic SU(2) representation with two complex coordinates replacing the standard four real ones of the relativistic space-time. Its properties, with possible cosmological implications directly generated by its mathematical structure, have been further considered in subsequent papers including [26, 27] , [68, 69] and [13, 23] .
SST, cosmic time, age of the Universe
To a SU(2) spinor ξ describing the cosmic SST coordinates (two complex variables instead of the conventional four real ones) of a point of our space-time, it is possible to associate a positive SU(2) scalar | ξ | defined by the relation | ξ | 2 = ξ † ξ (the dagger stands for hermitic conjugate). Then, a suitable definition of the cosmic time naturally equivalent to the age of the Universe can be t = | ξ | . The associated space is given by the S 3 hypersphere | ξ | = t with an additional spinorial structure that does not exist in the standard space. Other definitions of the cosmic time t in terms of | ξ | (f.i. t = | ξ | 2 ) can also be used, but they lead to similar cosmological results as long as a single-valued function of | ξ | provides the definition of the cosmic time.
In this definition of the age of the Universe, the value t = 0 is reduced to a point. There can actually be some nontrivial structure around this value in the real history of the Universe, but the relevant values of its size in space and time would be very small and can be neglected in practice except for specific studies of the initial singularity.
SST, cosmic coordinates and expanding Universe
Using the definition t = | ξ |, and taking ξ 0 to be the observer position on the | ξ | = t 0 hypersphere, space translations can be defined inside this associated space hypersphere (the space at t = | ξ 0 |) and simultaneously on all the space hyperspheres of the SST by SU(2) transformations acting on the whole cosmic spinor space. One can then write ξ = U ξ 0 with:
where σ is the vector formed by the usual Pauli matrices and the vector x the spatial position (in time units, at the present stage) of ξ with respect to ξ 0 at constant cosmic time t 0 as measured on the S hypersphere. Equation (4) tacitly implies that x must be proportional to t 0 . The origin of cosmic time, naturally associated to the beginning of the Universe, is given by the point ξ = 0 where, as just stressed, the initial space is contracted to a single point. One then gets an expanding universe where cosmological comoving frames correspond to straight lines in the SST starting from the time origin ξ = 0 and are transformed into eachother under the action of the cosmic SU(2) group. Thus, the cosmic SST geometry naturally provides for each comoving observer a local privileged rest frame corresponding to the relevant straight line (ξ 0 = t times a constant spinor) in a way compatible with existing cosmological observations.
As already noticed in [24, 25] , attempts to associate to the cosmic spinor ξ a space-like position vector with real cosmic space coordinates defined by x c = ξ † σξ do not actually generate such spatial coordinates. Instead, one gets | ξ | 2 times a unit vector corresponding to a local privileged space direction (PSD) "parallel" (in the SST) to the cosmic spinor ξ. The direction in the S 3 hypersphere associated to the vector ξ † σξ corresponds to the set of points whose cosmic SST space-time position is equal to ξ times a complex phase.
Thus, to define the standard real space coordinates in the SST, a space origin ξ 0 at the cosmic time t 0 = | ξ 0 | is required, as in equation (1). Such coordinates correspond to a local description of the S 3 hypersphere at cosmic time t 0 as viewed from the space origin ξ 0 .
The new space-time geometry introduced by the SST clearly leads to natural limitations for general relativity and standard cosmology. Rather than an intrinsic fundamental property of space and time defining a global space-time geometry, conventional relativity is expected to be a low-energy symmetry of standard matter similar to the effective Lorentz-like symmetry of the kinematics of lowmomentum phonons or solitons in a condensed medium [17, 18] . In condensed matter, the speed of sound or the maximum speed of solitons plays the role of the critical speed. The speed of light c would then be the critical speed of a family of excitations of the physical vacuum (the standard particles) not directly associated to an intrinsic geometry of space-time in our Universe.
Space rotations around a fixed point ξ 0 in the SST at t = t 0 are given by SU(2) transformations acting on the spatial position vector x defined by (1) . A standard spatial rotation with respect to the local origin ξ 0 is now given by a SU (2) 
† . The vector y, related to U( y) in a similar way to (1), provides the rotation axis and angle. If a spin-1/2 object is present at the position x with an associated local spinor coordinate ξ p describing its internal structure, then ξ p transforms into ξ p = U( y) ξ p .
Some properties of the SST Universe
The cosmic SST just described automatically generates three basic cosmological phenomena in a purely geometric way [26, 27] and without any explicit presence of matter and energy:
i) The standard Lundmark-Lemaître-Hubble (LLH) relation between relative velocities and distances at cosmic scale, with a ratio H (velocity/distance) equal to the inverse of the age of the Universe (H = t −1 ). As t is the radius of the spatial hypersphere, and comoving frames correspond to straight lines starting from the time origin, distances between comoving objects will be proportional to t and the (constant) associated speeds will be given by these distances divided by t. Thus, t −1 turns out to be the automatic geometric value of the LLH constant H in the SST.
ii) The existence of a privileged space direction (PSD) for each comoving observer, as already obtained in [24, 25] and further studied in [26, 27] and in subsequent papers. As previously stressed, the existence of such a local PSD does not imply any global anisotropy in the expansion of the Universe. The global expansion is totally isotropic on purely geometric grounds, and space remains a homogeneous hypersphere for all values of t .
iii) In the direct SST formulation, space translations form a (non-abelian) compact group, contrary to standard space-time. This allows to escape standard no-go theorems for symmetries.
More details, including a study of the cosmological implications of the unconventional properties of the cosmic SST, are given in [26, 27] , [68, 69] , [13, 23] and in related papers.
In all cases, a fundamental feature of the cosmic spinorial space-time geometry is that it is not dominated by standard matter or conventional dark energy, and that its structure is defined in a totally independent way suggesting a more primordial origin (vacuum dynamics?). In the SST without standard matter, space units are not required, as time provides an effective distance scale.
The possible connection between the cosmic SST structure and the ultimate dynamics of matter and vacuum is a crucial open question requiring further fundamental research (theory, experiment, observation, phenomenology). Preonic and and pre-Big Bang scenarios should be carefully considered in this respect [13, 15] . Furthermore, the definition of the direction of time with the SST geometry leads to a natural contradiction between local and cosmic levels.
SST and the space-time contradiction
What would be the dynamical implications of introducing a local SST geometry around a space-time origin ξ 0 different from the cosmic origin ξ = 0 ?
As discussed in [15] and previously in [53, 54] , introducing a local SST (the above considered wave functions are just an example) automatically leads to a contradiction between the time and space directions defined at ξ = ξ 0 by the cosmic SST (t = | ξ |) and the structure generated by the local SST where time for ξ would be defined by t local = | ξ − ξ 0 |.
Similarly, the internal time of the moving particle considered in (2) and (3) would not coincide with the t local defined at a given ξ 0 when the particle propagates beyond ξ 0 .
Quantum Mechanics can then be a direct consequence of such a local space-time contradiction. An extended spinorial object will be necessarily extended in time, and this property is expected to forbid continouous motion at scales close to the size of the particle. Thus, the dynamical role of the local SST can be directly at the origin of the Feynman path integral (see also subsection 4.1).
An essential question would then be that of the pre-Big Bang evolution leading to the generation of standard matter and Quantum Mechanics. If the internal vacuum dynamics is at the origin of the cosmic SST geometry, the emission of standard matter and radiation can just correspond to this expansion reflecting the fact that such a phenomenon is energetically favoured [64, 65] .
Vacuum structure and dynamics
A nontrivial question is how to define precisely the physical vacuum. If vacuum has its own internal structure and dynamics, and if standard particles are actually vacuum excitations, how can theory and phenomenology distinguish between an object present "inside the vacuum" and an equivalent item "propagating in our Universe"? And how to define vacuum excitations?
Assuming that the physical vacuum is made of preons as already suggested in [17, 18] , is it possible to unambiguously define a "matter Universe" lying on this preonic vacuum? Should one just take into account local vacuum excitations to describe this matter?
At this stage, a related question must be seriously considered: is the structure of vacuum the same in all the regions of the SST Universe corresponding to the hypersphere | ξ | = t at a given t ? In particular, can some parts of the global SST Universe be populated by free preons able to reach our matter Universe and to propagate in it? And how does the vacuum structure vary between the different cosmic regions of the global SST?
In a solid, photons are present through the electromagnetic interaction. But external free photons can also reach a transparent solid and propagate in it. What is the situation for "free" preons traveling in the part of the Universe associated to conventional matter and to our physical vacuum? Just as matter is not homogeneous around us and several kinds of matter exist where light can propagate, there is no reason to exclude the possibility that vacuum be inhomogeneous at the scale of the cosmic SST and that some preons can travel as free particles through different regions of the global SST Universe. The cosmic SST geometry seems to indicate the existence of a fundamental dynamics of the physical vacuum common to all the regions of the global Universe. But simultaneously, some differences can also exist and play a significant role, including possible local fluctuations of the expansion rate.
The study by all possible ways of the structure, dynamical properties and cosmic influence of the vacuum must be the highest priority in Particle Physics and Cosmology.
In the present situation, a practical choice can be to define the vacuum as the set of preons, including virtual ones, trapped in its internal structure. "Real" preons able to travel over long distances will then be dealt with as free particles.
The question of the local vacuum rest frame (VRF) must also be seriously considered [17, 70] . The VRF would be basically the local rest frame of the internal vacuum structure. A natural choice seems to be suggested by cosmological observations (isotropy of the cosmic microwave background...) [56, 71] and can in any case be a useful starting point.
The possibility that the internal dynamics of the physical vacuum is actually leading the expansion of the Universe and that standard matter just corresponds to the energy emitted in this energetically favoured process has also been considered in previous papers, including [64, 65] . Such a scenario would be radically different from standard cosmology where conventional matter (including the dark one) is assumed to lead the Universe evolution.
Superbradyons
Such as introduced in [17, 18] and further dealt with in subsequent papers including [14, 15] , superbradyons are the preonic constituents of the physical vacuum and the bradyons (positive mass and energy, real momentum particles) of a super-relativity (a Lorentz-like symmetry with a critical speed c s c). They are not tachyons, but new particles that do not obey the standard Lorentz symmetry.
What can be the properties of "free" superbradyons in our matter Universe? In [17, 18] and it subsequent work, it has been systematically assumed that at a speed larger than c (up to some possible small corrections), "free" superbradyons are not really stable and release "Cherenkov" radiation in the form of ordinary particles as long as such decays are kinematically allowed. A "free" superbradyon would then interact with standard matter and, in particular, undergo "Cherenkov" decays until it reaches a speed equal or close to c. This is the strongest constraint (no specific refractive index, no associated speed) that can be introduced on superbradyon propagation in our Universe, even if it is simultaneously conjectured that superbradyons couple weakly to standard matter. It is also tacitly assumed that superbradyons have a specific identity as physical objects and cannot just disappear by decaying into ordinary matter.
Except for their coupling to standard matter, the "free" superbradyons just considered can in principle propagate in vacuum just like photons in a transparent crystal. They would correspond to a specific family of superbradyons, but not necessarily to all the kinds of superbadyons present in the vacuum structure, just as electrons are different from photons.
It must also be noticed that "free" superbradyons can equally increase their energy in some interactions with standard matter. Globally, their interaction with matter in our Universe will depend in particular on the matter density and distribution as well as on the nature of this matter, including dark matter of which superbradyons themselves can be a significant component [24, 63] .
The question can also be raised of the possible emission of superbradyons by the physical vacuum, if the vacuum is leading the expansion of the Universe and such an expansion is energetically favoured. Cosmological equations should leave room for this kind of new physics. ICNFP 2016 If the physical vacuum has indeed a nontrivial, preonic, internal structure, the study if its physical and cosmological implications is the most fundamental research field in the relevant domains. In this context, the search and study of "free" superbradyons is a very fundamental subject.
Clearly, the physics of superbradyons is full of unknowns and open questions. A crucial one is: how to produce, detect and identify such objects? In this respect, the possibility that CERN beams locally excite the vacuum structure leading to superbradyon emission deserves serious consideration.
Similarly, the possible implications of a superbradyonic vacuum for electronics, informatics and associated fields must be carefully studied including the role of superluminal signals.
Standard QM and relativity as low-energy approximations
What can be the validity domain of the standard principles of Physics? What is really known with the required precision? It is a fact that 13 orders of magnitude separate the highest LHC proton energies from the Planck scale. Deviations from conventional relativity and Quantum Mechanics can appear above the LHC energies and become stronger as the energy scale increases [14] . Relativity and QM can then be low-energy approximations to a deeper description of matter [17, 72] .
In practice, the degree of validity of QM and relativity for ultra-high energy (UHE) particles including the observed ultra-high energy cosmic rays (UHECR) remains by now unknown [56, 73, 74] and requires further experimental, phenomenological and theoretical work.
Present data and analyses do not allow yet to elucidate [75] if the observed fall of the UHECR spectrum [59, 60] is really a signature of the Greisen-Zatsepin-Kuzmin (GZK) cutoff [76, 77] or corresponds, for instance, to the maximum energies of particles emitted by astrophysical sources. New physics can also generate unconventional mechanisms able to fake the GZK cutoff [27, 73] . It therefore seems difficult from a theoretical point of view, in the present situation, to reliably interpret existing data for high-energy cosmic rays like those presented in [78, 79] , [80, 81] and [82, 83] . In all cases, new generations of UHECR experiments are required.
Another serious unknown is the degree of validity and precision of models and algorithms used to describe the interactions involving UHECR [84] , especially if new physics can be present and modify QFT. This situation naturally generates significant experimental uncertainties.
The properties of UHECR should be carefully studied as far as possible, including satellite experiments. A systematic search for all kinds of possible signatures of new physics is especially required, together with a study of possible connections with the basic physics involved in the early Universe dynamics. Basic ingredients of these searches must be systematic tests of Lorentz symmetry at UHE, as already suggested in 1996-97 [18, 24] , together with UHE tests of all the fundamental principles of standard physics including QM [16, 27] in all possible ways.
Interactions and mixing with superbradyons can also be at the origin of deformations of relativity and QM. As already emphasized, even at low energy QM and relativity are expected to be incomplete descriptions of reality in the presence of a preonic vacuum structure [14, 15] .
Possible deformations of relativity and QM
The subject of possible deformations of particle kinematics was already dealt with in [18, 72] and in subsequent work, in order to test Lorentz symmetry at very high energy.
Lorentz symmetry violation (LSV) at high energy was in particular described, assuming the existence of a local VRF, by the high-energy equation:
p is the momentum modulus assumed to be E a c −1 , m the mass of the particle, α a positive constant describing the strength of the deformation and E a an effective fundamental energy scale.
In such a scenario, a possible negative deformation term accounting for LSV:
would become larger than the mass term m 2 c 3 (2 p) −1 above the transition energy E trans :
In its simplest form, such a mechanism can possibly suppress the GZK cutoff as suggested in [18, 72] . But more sophisticated formulations can also be considered [27, 73] , leading to various possible scenarios at ultra-high energy. In all cases, the existence of a local VRF is an essential ingredient of the pattern considered. Otherwise, if there is no privileged reference frame, suitable symmetry transformations will remove the effects of apparent deformations. In a similar way to special relativity, Quantum Mechanics, energy-momentum conservation and other particle properties can also be deformed at high energy and become an incomplete low-energy limit of a more sophisticated dynamics.
Deformed Heisenberg algebras and scenarios involving a non-commutative space-time have been considered in [16, 85] , in [86, 87] and in several other approaches including strings [88, 89] . In particular, q-deformations of the quantum algebra were studied in [85] .
In [16, 56] , we considered new commutation relations between momentum variables where the commutators between components associated to different directions would vanish in the zeromomentum limit and become significant at UHE. An explicit example of the deformations of commutation relations involving momentum operators was:
where x, y and z design three orthogonal space directions, and Φ(0) = 0. Again, a local privileged reference frame is tacitly involved in such a formulation of Quantum Mechanics that can be associated to the explicit emergence of fundamentally new physics at energies far below Planck scale.
Possible signatures of a preonic vacuum
The direct detection of "free" superbradyons is not the only possible way to search for potential signatures of a preonic vacuum. In particular, black holes, gravitational waves and CERN experiments can provide examples of such a quest for new physics of preonic origin [64, 65] . The interaction with a preonic vacuum structure can modify the internal black hole dynamics. Not only the equations of standard physics would cease to hold below some critical distance scale and black hole dynamics would be modified, but a nontrivial vacuum structure may interact with the matter trapped in the black hole. Preons and other "exotic" objects released by vacuum inside the black hole or produced through interactions would potentially be able to escape the black hole region if, for instance (as in the case of superbradyons) : i) they can travel at a speed much larger than that of light ; ii) their coupling to gravitation is much smaller than that of standard matter.
Several kinds of unconventional mechanisms can be at work in such a scenario. An example is the possibility that the preonic vacuum structure absorbs matter trapped in the black hole and releases ICNFP 2016 it outside the black hole. In this and other ways, a superbradyonic vacuum can potentially generate new forms of black hole radiation mechanisms involving higher energies than the thermal radiation considered by Stephen Hawking [90] .
The recent observations ( [91, 92] and [93, 94] reported by the collaborations LIGO [95] and VIRGO [96, 97] indicate the detection of gravitational waves generated by two binary black hole mergers (GW150914 and GW151226). A careful look to the published data analyses based on standard techniques allows to better explicit the potential role of the preonic vacuum and the modifications one can expect in such an unconventional scenario.
In [97] , the LIGO and VIRGO collaborations present an updated analysis of GW150914 data. The abstract of the article refers to two black holes of approximately 35 solar masses each that orbited each other as close as ∼ 350 Km before merging to a single black hole. An attempt is presented to estimate the distance of such an event to earth and the energy radiated in the form of gravitational waves. Obviously, a preonic vacuum may have influenced the dynamics of the two black holes, as well as the merging process and the associated emission of waves.
In the introduction, the authors of [97] define the black hole as "a region of space-time where the gravitational fiel is so intense that neither matter nor radiation can escape". As an initial approximation, they refer to the standard Schwarzschild radius r S chwarz through the expression:
where M is the solar mass, m the mass of the black hole and G the usual Newton's gravitational constant. Clearly, such an expression cannot be applied to preonic vacuum constituents present inside the black hole. Futhermore, the presence of nonstandard objects is expected to modify black hole dynamics including formulae like (11) and its more precise versions that incorporate general-relativistic effects and are also considered in [97] . In Section 1 of [97] , the authors write: "During the period when gravitational wave frequency and amplitude are increasing orbital motion of two bodies is the only possible explanation". Again, alternatives to such an interpretation can be naturally generated by the interaction of the preonic vacuum with the melting black holes. The same objection can be raised when later, in Section 4, the frequencies reached by gravitational waves are used to reject families of black hole models.
Preonic waves must also be considered as a possible source of high-frequency gravitational waves, potentially modifying their internal structure and properties in a significant way.
Simultaneously, ANTARES [98] and IceCube [99] have found no high energy neutrino event that could be in coincidence with the GW150914 signal such as reported by LIGO and VIRGO [100] . Again, preonic constituents of vacuum may have replaced the emission of standard particles in the merging black hole dynamics. In this case, they can also modify the standard timing for gravitational wave emission and propagation.
Not only a preonic vacuum would modify the black hole dynamics described in [101, 102] or in [103, 104] , but it can play a strong role in primordial black holes and, more globally, in a related pre-Big Bang scenario where standard physics would be progressively generated.
Gödel-Cohen incompleteness
An introduction to Gödel's incompleteness theorems can be found in [105] . Applying it to the situation described in the present lecture is a far from trivial task.
In [106, 107] , the authors explicitly claim that "for any consistent, recursive axiomatisation of mathematics, there exist specific Hamiltonians for which the presence or absence of a spectral gap is independent of the axioms". The same philosophy is developed in [108, 109] .
But what can be the actual situation in our world if the version of Quantum Mechanics used for quantum calculations is not a consistent system of axioms but a set of approximations to the physical laws, and if the laws of Physics result from the preonic vacuum dynamics where standard particles are vacuum excitations and Quantum Mechanics is generated from such a deeper dynamics?
If Quantum Mechanics is in practice the expression of more complete laws resulting from the dynamics of a superbradyonic vacuum, is it possible to obtain a deformed, approximate version of the quantum theory for standard particles such that all relevant calculations of Quantum Physics escape the usual consequences of Gödel incompleteness?
In the presence of a preonic vacuum, no real law of Physics is expected to refer only to conventional particles. If this is the case in practical formulations, intrinsic error bars should actually be made explicit. These error bars must refer not only to standard matter itself but also to preonic objects unknown in terms of this matter. They should be present in the values of all the conventional physical quantities, including the most fundamental ones.
A new approach to the formulation of the laws of Physics is clearly required, searching in particular for a dynamical pattern where incompleteness would apply to the preonic vacuum dynamics but the approximate quantum calculations for standard matter would escape its implications using a well-suited version of Quantum Mechanics.
Further dynamical and cosmological considerations
As already discussed in previous papers [23, 26] , "free" massive superbradyons with a speed close to c can form a new kind of cosmic dark matter in our Universe [27, 61] . An important open question is in such case how would two "free" superbradyons interact, and what can emerge from such a process.
It also remains unclear how well "free" superbradyons would obey the approximate quantummechanical laws that describe vacuum excitations. In all cases, a "free" massive superbradyon with a speed equal to c would have a rest energy m c 2 s (m = inertial mass) much larger than its kinetic energy equal to m c 2 /2. Even coupling very weakly to gravitation, such an extremely large rest energy can be expected to produce significant gravitational effects. In particular, "free" massive superbradyons would in principle be trapped by strong enough gravitational fields.
The possibility that signatures of the preonic vacuum are produced at LHC or spontaneously emitted by vacuum inside this accelerator in the presence of strong particle beams should also be considered. A possible signal can be an important Cherenkov-like emission of standard particles by an object with low momentum. In a recent experimental search, the CMS collaboration has displayed [110] some atypical multi-jet events that could potentially be associated to the production of black holes. The possibility that similar events actually involve a superbradyonic component should also be studied, together with the search for possible black hole candidates.
Issues related to Quantum Gravity (QG) and to the role of strings have also been discussed in previous contributions to this Conference (see, for instance, [19, 57] ). Preonic and pre-Big Bang approaches, together with new space-time geometries like the SST, can radically change the situation with respect to standard theories. In practice, the notion of QG as it is usually formulated, and the Planck scale itself, would no longer make sense [26] .
As strings are naturally composite objects [16, 57] , new Regge-like and string-like structures are expected [14, 57] to be generated from a preonic vacuum with a spinoral space-time geometry, including descriptions of standard particles as excitations. The SST geometry can naturally lead to Regge trajectories with a spin spacing of 1/2 instead of 1.
Some of the topics discussed in this lecture are dealt with in more detail in two contributions to this Conference [62] .
The origin of Quantum Mechanics is a crucial issue, not only for fundamental Physics but also for several fields of high-technology applications (electronics, computers [113, 114] , telecommunications [115, 116] ...). If conventional particles are actually excitations of a preonic vacuum, standard laws like Quantum Mechanics and relativity are expected to be low-energy approximations to a more fundamental (preonic) dynamics. Then, Gödel-Cohen incompleteness will not apply in its usual form.
Research on Particle Physics and Cosmology is actually just beginning, and will require a very long period including new generations of experiments and observations.
If the expansion of our Universe has always been driven by the dynamics of a preonic vacuum, why did such an expansion have a previous phase different from the present one?
